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(57) ABSTRACT 

An attachment apparatus for attaching to a tubular. The 
apparatus may include a flexible member extending circum 
ferentially around the tubular more than once. A tension 
force on the flexible member may cause the flexible member 
to apply a first radially-inward gripping force on the tubular. 
An annular sleeve may be positioned radially-outward from 
the flexible member. The sleeve may apply a second radi 
ally-inward gripping force on the flexible member and the 
tubular. 
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US 9,556,994 B2 
1. 

WRAP-AROUND BAND AND SLEEVE 
ATTACHMENT APPARATUS FOR AN 

OLFIELD TUBULAR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. Patent 
Application having Ser. No. 12/756, 177, which was filed on 
Apr. 8, 2010, and which claims priority to U.S. Provisional 
Patent Application having Ser. No. 61/287,665, filed on Dec. 
17, 2009, U.S. Provisional Patent Application having Ser. 
No. 61/237,202, filed on Aug. 26, 2009, and U.S. Provi 
sional Patent Application having Ser. No. 61/221,716, filed 
on Jun. 30, 2009. This application also claims priority to 
U.S. Provisional Patent Application having Ser. No. 61/867, 
023, which was filed on Aug. 17, 2013. The entirety of these 
applications is incorporated herein by reference. 

BACKGROUND 

Oilfield tubulars, such as pipes, drill strings, casing, 
tubing, etc., may be used to transport fluids or to produce 
water, oil, and/or gas from geologic formations through 
wellbores. In various applications, a shoulder may be 
formed on an exterior of the tubular, e.g., for gripping the 
tubular and/or for connecting tools, such as centralizers, 
scrapers, cement baskets, etc., to the exterior of the tubular. 
A variety of structures are employed to provide Such 

shoulders. In some cases, integral pans of the tubular itself, 
Such as expanded diameter sections, e.g., pipe joints at an 
end of the tubular, may be employed as the shoulder. In other 
cases, especially when a shoulder is needed between the 
ends of the tubular, a separate stop collar is generally fixed 
in position around the tubular to provide the shoulder. Such 
stop collars generally include a metal ring, which is either 
slid over an end of the tubular or hinged so as to receive the 
tubular laterally. 

To fix the position of the stop collar on the tubular, the 
stop collars generally employ a gripping feature that engages 
the tubular. Such gripping features often include adhesives 
and/or marking structures. Such as teeth or set screws. 
However, for some tubulars and/or applications thereof, 
marking the tubular may not be appropriate, either because 
marking the tubular damages the tubular or is otherwise 
incompatible with the application, or because the tubular 
may be too hard for marking structures to adequately bite 
into the tubular, resulting in inadequate holding forces. 
Adhesives, although Suitable in a variety of stop collar 
applications, may lack Sufficient durability or bonding 
strength to alone provide Sufficient holding force. 

In other situations, a tool may be connected directly to a 
tubular, such that it is movable or fixed in position relative 
to the tubular. Such tools may be connected to the tubular in 
generally the same way as a stop collar is attached to the 
tubular. Accordingly, gripping the tubular in the context of 
tool-attachment may be subject to the same or similar 
challenges as experienced in gripping the tubular in the 
context of a stop collar. 

SUMMARY 

Embodiments of the disclosure may provide an apparatus 
including a flexible member extending circumferentially 
around a tubular more than once. A tension force on the 
flexible member may cause the flexible member to apply a 
first radially-inward gripping force on the tubular. An annu 
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2 
lar sleeve may be positioned radially-outward from the 
flexible member. The sleeve may apply a second radially 
inward gripping force on the flexible member and the 
tubular. 

Embodiments of the disclosure may also provide an 
attachment apparatus for attaching to a tubular. The appa 
ratus may include a flexible member positioned circumfer 
entially around the tubular such that the flexible member 
defines a plurality of turns in a helical configuration around 
the tubular. A tension force on the flexible member may 
cause the flexible member to apply a first radially-inward 
gripping force on the tubular. An annular sleeve may be 
positioned radially-outward from the flexible member. The 
sleeve may apply a second radially-inward gripping force on 
the flexible member and the tubular, and an inner surface of 
the sleeve may form an interference fit with an outer surface 
of the flexible member. 

Embodiments of the disclosure may further provide a 
method for forming an attachment apparatus on a tubular. 
The method may include positioning a flexible member 
around an outer surface of the tubular. The flexible member 
may include a plurality of turns in a helical configuration. A 
tension force may be applied to the flexible member, and the 
tension force may cause the flexible member to apply a 
radially-inward gripping force on the tubular. An annular 
sleeve may be positioned around the outer surface of the 
tubular. The annular sleeve may be moved axially with 
respect to the tubular until the sleeve is at least partially 
around the flexible member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may best be understood by referring to the 
following description and accompanying drawings that are 
used to illustrate embodiments of the invention. In the 
drawings: 

FIG. 1 illustrates a perspective view of an attachment 
apparatus installed on a tubular, according to an embodi 
ment. 

FIG. 2 illustrates a side, cross-sectional view of the 
attachment apparatus of FIG. 1 installed on the tubular, 
according to an embodiment. 

FIG.3 illustrates an end view, taken along line 3-3 in FIG. 
2, of the attachment apparatus in FIGS. 1 and 2, according 
to an embodiment. 

FIGS. 4-6 illustrate side views of an installation of a 
flexible member onto the tubular to form a portion of the 
attachment apparatus, according to an embodiment. 

FIGS. 7 and 8 illustrate a first sequence of the sleeve being 
installed around the tubular and the flexible member, accord 
ing to an embodiment. 

FIGS. 9 and 10 illustrate a second sequence of the sleeve 
being installed around the tubular and the flexible member, 
according to an embodiment. 

FIGS. 11 and 12 illustrate a third sequence of the sleeve 
being installed around the tubular and the flexible member, 
according to an embodiment. 

FIGS. 13 and 14 illustrate a fourth sequence of the sleeve 
being installed around the tubular and the flexible member, 
according to an embodiment. 

FIG. 15 illustrates a flowchart of a method for forming an 
attachment apparatus on a tubular, according to an embodi 
ment. 

DETAILED DESCRIPTION 

The following disclosure describes several embodiments 
for implementing different features, structures, or functions 
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of the invention. Embodiments of components, arrange 
ments, and configurations are described below to simplify 
the present disclosure; however, these embodiments are 
provided merely as examples and are not intended to limit 
the scope of the invention. Additionally, the present disclo 
Sure may repeat reference characters (e.g., numerals) and/or 
letters in the various embodiments and across the Figures 
provided herein. This repetition is for the purpose of sim 
plicity and clarity and does not in itself dictate a relationship 
between the various embodiments and/or configurations 
discussed in the Figures. Moreover, the formation of a first 
feature over or on a second feature in the description that 
follows may include embodiments in which the first and 
second features are formed in direct contact, and may also 
include embodiments in which additional features may be 
formed interposing the first and second features, such that 
the first and second features may not be in direct contact. 
Finally, the embodiments presented below may be combined 
in any combination of ways, e.g., any element from one 
exemplary embodiment may be used in any other exemplary 
embodiment, without departing from the scope of the dis 
closure. 

Additionally, certain terms are used throughout the fol 
lowing description and claims to refer to particular compo 
nents. As one skilled in the art will appreciate, various 
entities may refer to the same component by different names, 
and as such, the naming convention for the elements 
described herein is not intended to limit the scope of the 
invention, unless otherwise specifically defined herein. Fur 
ther, the naming convention used herein is not intended to 
distinguish between components that differ in name but not 
function. Additionally, in the following discussion and in the 
claims, the terms “including and “comprising are used in 
an open-ended fashion, and thus should be interpreted to 
mean “including, but not limited to.” All numerical values in 
this disclosure may be exact or approximate values unless 
otherwise specifically stated. Accordingly, various embodi 
ments of the disclosure may deviate from the numbers, 
values, and ranges disclosed herein without departing from 
the intended scope. In addition, unless otherwise provided 
herein, 'or' statements are intended to be non-exclusive; for 
example, the statement “A or B should be considered to 
mean "A, B, or both A and B.’ 

FIGS. 1 and 2 illustrate a perspective view and a side, 
cross-sectional view, respectively, of an attachment appara 
tus 100 installed on an oilfield tubular 102, according to an 
embodiment. The attachment apparatus 100 may be, 
include, or be a part of a stop collar or a collar, Such as an 
end collar, of a tool that is to be attached to a tubular. In other 
embodiments, the attachment apparatus 100 may be any 
other type of collar or structure that is able to be attached to 
a tubular. As the term is used herein, an “oilfield tubular 
includes a pipe, tubular, tubular member, casing, liner, 
tubing, drill pipe, drill string, a bar, a rod, a structural 
member and other like terms. Such oilfield tubulars may be 
or include one or more segments, which may be connected 
or “made-up' together to form a stand or string; accordingly, 
an “oilfield tubular may refer to a joint or segment of a 
tubular member, or a stand or string of multiple tubular 
members joined together. As used herein, “axial and “axi 
ally refer to a direction that is parallel to a central or 
longitudinal axis of the tubular 102; “radial” and “radially' 
refer to a direction perpendicular to the axial direction. 

Referring now specifically to FIG. 1, the attachment 
apparatus 100 may include a flexible member 110 and an 
annular sleeve 120 positioned radially-outward from the 
flexible member 110, which may individually or together 
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4 
apply a radially inward gripping force on the tubular 102. 
The attachment apparatus 100 may have two axial ends 106, 
108, which may, in at least one embodiment, be at least 
partially defined by the flexible member 110 and/or the 
sleeve 120, as shown. One or both of the axial ends 106, 108 
may extend straight in a radial direction from the tubular 102 
and/or may be tapered, beveled, rounded, or otherwise 
shaped. 

Referring now specifically to FIG. 2, the flexible member 
110 may be disposed radially-between the tubular 102 and at 
least a portion of the sleeve 120. The flexible member 110 
may be an elongate member, and may be or include a 
monolithic or braided cable, wire, ribbon, String, cord, line, 
rope, band, tape, coil spring, multi-strand wire, wire rope or 
any member having the flexibility and strength to be 
wrapped about the outer surface of the tubular 102. For 
example, the flexible member 110 may constructed from a 
metal, plastic, composite, or any combination thereof in one 
embodiment, the flexible member 110 includes a steel cable 
(e.g., a stainless steel cable). Further, the flexible member 
110 may be one unitary length of material, e.g., a length 
providing a desired holding force once it is wrapped (and/or 
adhered) on the tubular 102. In other embodiments, the 
flexible member 110 may include multiple segments that are 
attached together (e.g., end-on-end). 
The flexible member 110 may be wrapped more than once 

(e.g., one 360 degree turn plus any fraction of a Subsequent 
turn) circumferentially around the tubular 102. The flexible 
member 110 may apply a radially-inward gripping force on 
the tubular 102. For example, the flexible member 110 may 
be wrapped helically around the tubular 102, with the 
gripping force being generated by applying a tension on the 
flexible member 110 during such helical wrapping. 

In another embodiment, the flexible member 110 may be 
heated before, during, or after being wrapped around the 
tubular 102 to or near to a red-hot transition temperature, 
which may cause the flexible member 110 to shrink, result 
ing in a tension force in the flexible member 110 that causes 
the flexible member 110 to apply a radially-inward gripping 
force on the tubular 102. Thereafter, the flexible member 110 
may be cooled such that the flexible member 110 retains its 
shrunken length, thereby maintaining the radially-inward 
gripping force. 

In yet another embodiment, the flexible member 110 may 
be a helical spring. The flexible member 110 (e.g., the 
spring) may have a “natural configuration with a first 
diameter, which is the diameter of the flexible member 110 
when no external force is applied. The first diameter may be 
less than or equal to the diameter of the tubular 102. The 
flexible member 110 may also define a certain number of 
turns 112 in the natural configuration. Prior to installing the 
flexible member 110 onto the tubular 102, a torque force 
may be applied to the flexible member 110 (e.g., to the ends 
114 thereof). The torque force may cause the flexible mem 
ber 110 to transition to an expanded configuration having a 
second diameter that is larger than the first diameter. Such 
torque may also create spaces between the turns 112, which 
may cause the length of the flexible member 110 to increase. 
The flexible member 110 in the expanded configuration 

may be received over the tubular 102. Upon reaching a 
desired installation location, the torque force may be 
removed, causing the flexible member 110 to contract back 
toward the natural configuration. In another embodiment, a 
temporary adhesive may be employed to retain the flexible 
member 110 in the expanded configuration for a duration, 
before breaking down and allowing the flexible member 110 
to contract. Full contraction to the first diameter may be 
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prevented by the flexible member 110 bearing on the tubular 
102, and thus the flexible member 102 may apply a radially 
inward gripping force on the tubular 102. 

In a helically-wrapped embodiment, the flexible member 
110 may define turns 112 (e.g., 360 degree increments) 
around the tubular 102. Successive turns 112 may be adja 
cent to one another, generally in an axial direction along the 
tubular 102. In one, some, or all of the turns 112, the flexible 
member 110 may abut the flexible member 110 contained in 
at least one adjacent turn 112. As such, the flexible member 
110 may form a generally continuous Surface that is spaced 
radially apart from the tubular 102. 
The sleeve 120 may be positioned at least partially around 

the exterior of the flexible member 110. In this position, the 
sleeve 120 may protect the flexible member 110 in the 
downhole environment. In some embodiments, the sleeve 
120 may be long enough Such that it extends axially past the 
first and last turns 112, so as to form the ends 106, 108. 
The sleeve 120 may be or include an annular body made 

of plastic, elastomer, composite, metal, or a combination 
thereof. The sleeve 120 may provide a radially-inward 
gripping force on the flexible member 110 and the tubular 
102, and may be fixed thereto in an interference fit. For 
example, the inner surface of the sleeve 120 may expand as 
it is received around the flexible member 110. The elasticity 
of the sleeve 120 may cause the sleeve 120 to apply the 
radially-inward gripping force on the flexible member 110. 
thereby producing the interference fit between the sleeve 
120 and the flexible member 110. The radially-inward 
gripping force may be transmitted through the flexible 
member 110 to the tubular 102. The radially-inward yipping 
force may allow the attachment apparatus 100 to generate 
high friction forces, which may, in at least some embodi 
ments, resist axial and/or circumferential movement with 
respect to the tubular 102. 

FIG. 3 illustrates an axial end view of the attachment 
apparatus 100, according to an embodiment, e.g., as taken 
along lines 3-3 of FIG. 2. As shown, the flexible member 110 
may include ends 114 (e.g., one at the beginning of the first 
turn 112 proximal the first end 106). It will be appreciated 
that an axial view of the flexible member 110 proximal the 
second end 108 may be substantially similar, also providing 
a circumferential end where the flexible member 110 termi 
nates. The ends 114 may be cut at angles, such that the ends 
114 taper, and thereby provide a generally flush or gradual 
change in the end surface for the flexible member 110. 

FIGS. 4-6 illustrate a sequence of the flexible member 110 
being positioned around the tubular 102, according to an 
embodiment. Beginning with FIG. 4, installation collars 
200, 202 may be positioned on the tubular 102 and spaced 
axially apart, e.g., such that the inboard sides 204, 206 of the 
collars 200, 202, respectively, are positioned generally 
where the ends 106, 108 (FIGS. 1 and 2) of the attachment 
apparatus 100 will be positioned. In some embodiments, 
such installation collars 200, 202 may be omitted from use 
during installation. In an embodiment, the installation col 
lars 200, 202 may be each be provided by a unitary ring that 
may be slid over an end of the tubular 102. In another 
embodiment, the installation collars 200, 202 may be pro 
vided by a unitary ring that is flexible and includes an 
axially-extending gap. Such that two circumferential ends 
are defined. In such an embodiment, the installation collars 
200, 202 may be flexed so as to receive the tubular 102 
laterally. In another embodiment, the installation collars 
200, 202 may be provided by two or more arcuate sections 
that are connected together (e.g., hinged, clamped, fastened, 
etc.). It will be appreciated that in Some embodiments, one 
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6 
of the installation collars 200 may be provided by one of the 
embodiments just described, while the other one of the 
installation collars 202 may be provided according to 
another embodiment. 

Further, a layer 208 may be applied to the outer surface of 
the tubular 102 (e.g., at least partially between the inboard 
sides 204, 206 of the collars 200, 202). The layer 208 may 
be or include an adhesive, such as an epoxy, glue, resin, 
polyurethane, cyanoacrylate, acrylic polymer, hot melt 
adhesive, contact adhesive, reactive adhesive, light curing 
adhesive, low temperature metal spray, metal spray (such as 
WEARSOX(R) commercially available from Antelope Oil 
Tool & Mfg. Co., Houston, Tex.), combinations thereof, 
and/or the like. The layer 208 may be employed to increase 
the holding force provided by the attachment apparatus 100, 
avoid the flexible member 110 biting into the tubular 102, 
and/or the like. The layer 208 may coat the tubular 102 
entirely between the installation collars 200, 202 or, in other 
embodiments, may include axially and/or circumferentially 
extending gaps. 

Before or after the layer 208 is cured (e.g., when using an 
adhesive for the layer 208), a first tam 112 of the flexible 
member 110 may be disposed around the tubular 102. 
between the installation collars 200, 202 (e.g., proximal to 
the installation collar 200, and on the layer 208). The first 
turn 112 may include the end 114-1 of the flexible member 
110. Further, the end 114-1 may be secured in place, such 
that it is generally stationary relative to the tubular 102 
during installation. For example, the end 114-1 may be held 
in place, with tension applied to the flexible member 110. 
and the end 114-1 welded to a second turn 112 of the flexible 
member 110. In other embodiments, the flexible member 
110 may be adhered to itself near the end 114-1, clamped or 
fastened to itself, or the like, in other embodiments, the end 
114-1 of the flexible member 110 may be secured to the 
installation collar 200, which may be secured against rota 
tion. In other embodiments, a section of the flexible member 
110 proximal to the end 114-1 may be turned, e.g., toward 
an axial direction, and held temporarily in place while one 
or more additional turns 112 of the flexible member 110 are 
received over the end 114-1. 

Referring now specifically to FIG. 5, the flexible member 
110 may be helically wrapped around the tubular 102 to 
form successive turns 112. In an embodiment, the tubular 
102 may be turned while the flexible member 110 is fed 
laterally onto the tubular 102 (e.g., from a spool). Afriction 
or resistance (e.g., as applied by the spool of the flexible 
member 110 resisting the extension of the flexible member 
110) may apply tension to the flexible member 110, causing 
the flexible member 110 to apply a radially-inwardly 
directed gripping force on the tubular 102. Thus, the grip 
ping force supplied by the flexible member 110 may provide 
the holding force for the attachment apparatus 100, once 
installed. In another embodiment, the tubular 102 may 
remain stationary while the flexible member 110 is wrapped 
therearound. In yet another embodiment, the tubular 102 
may rotate and the flexible member 110 may be moved 
around the tubular 102 (e.g., such that both components are 
in motion during the installation process). As shown, the 
Successive turns 112 may abut against one another; however, 
in other embodiments, two or more of the adjacent turns 112 
may be spaced apart, such that they do not abut. 

In some embodiments, applying the layer 208 and wrap 
ping the flexible member 110 may be an iterative process. 
For example, a certain width (e.g., less than the distance 
between the installation collars 200, 202) of the layer 208 
may be applied onto the tubular 102, and then the flexible 
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member 110 may be wrapped over that width of the layer 
208. Then, another width of the layer 208 may be applied, 
and then flexible member 110 wrapped over that width. This 
process may repeat one or more times. In other embodi 
ments, the layer 208 may be applied to the extent needed 
(e.g., all or a portion of the width between the installation 
collars 200, 202), and then the flexible member 110 may be 
wrapped around the tubular 102 continuously. 
As shown in FIG. 6, the helical wrapping of the flexible 

member 110 around the tubular 102 may continue (e.g., until 
the flexible member 110 abuts both of the installation collars 
200, 202). In some embodiments, the wrapping of the 
flexible member 110 ends prior to the flexible member 110 
spanning the entire distance between the installation collars 
200, 202. 

In addition, in at least some embodiments, two or more 
adjacent turns 112 may be welded, adhered, or otherwise 
secured together. For example, as shown, several welds 210 
may be created, attaching together the turns 112. Such 
welding (and/or otherwise attaching) together the turns 112 
may further serve to retain the position of the flexible 
member 110. 
Once the flexible member 110 is in place, the installation 

collars 200, 202 may be removed from the tubular 102. The 
installation collars 200, 202 may be removed by sliding the 
installation collars 200, 202 over opposite ends of the 
tubular 102 or by removing one or more of the installation 
collars 200, 202 laterally (e.g., when the collars 200, 202 
include a hinge). 

Although not shown, in at least one embodiment, a layer 
of adhesive, spray metal, or the like may be applied over the 
flexible member 110 once the flexible member 110 is 
wrapped around the tubular 102. The layer may be made of 
the same materials as the layer 208 described above, or the 
layer may be made of different materials. 

FIGS. 7 and 8 illustrate a first sequence of the sleeve 120 
being installed around the tubular 102, according to an 
embodiment. More particularly, FIG. 7 illustrates a side, 
cross sectional view of the sleeve 120 around the tubular 102 
and axially-offset from the flexible member 110, according 
to an embodiment. The sleeve 120 may be positioned around 
the tubular 102. The sleeve 120 may be positioned around 
the tubular 102 by sliding the sleeve 120 over an end of the 
tubular and toward the flexible member 110 (e.g., to the 
right, as shown in FIG. 7). In another embodiment, the 
sleeve 120 may be moved laterally into position amend the 
tubular 102 (e.g., when the sleeve 120 includes a hinge). 
Before the sleeve 120 contacts the flexible member 110, a 
diameter 126 of the inner surface of the sleeve 120 may be 
less than or equal to a diameter 116 of the outer surface of 
the flexible member 110 (see FIG. 7). 

FIG. 8 illustrates a side, cross-sectional view of the sleeve 
120 around the tubular 102 and axially-aligned with the 
flexible member 110, according to an embodiment. The 
sleeve 120 may be moved or slid toward the flexible member 
110 (e.g., to the right, as shown in FIG. 8). For example, the 
sleeve 120 may be moved by pushing or hitting a first axial 
end 122 of the sleeve 120. 
As shown, in at least one embodiment, a second, opposing 

axial end 124 of the sleeve 120 may be tapered. The tapered 
axial end 124 may allow the inner surface of the sleeve 120 
to ride onto the flexible member 110. As the sleeve 120 
continues to move onto the outer surface of the flexible 
member 110, the sleeve 120 may be expanded radially 
outwards. As such, the diameter 126 of the inner surface of 
the sleeve 120 may become greater than or equal to the 
diameter 116 of the outer surface of the flexible member 110 
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8 
when the sleeve 120 is positioned around the flexible 
member 110. When positioned around the flexible member 
110, the elasticity of the sleeve 120 may cause the sleeve 120 
to apply a radially-inward force on the flexible member 110. 
e.g., to form an interference fit between the sleeve 120 and 
the flexible member 110. 

Further, the sleeve 120 may have an axial dimension that 
is Smaller than, equal to, or greater than the axial dimension 
of the flexible member 110. In an embodiment in which the 
sleeve 120 is axially-longer than the flexible member 110. 
the sleeve 120 may be fully received onto the flexible 
member 110 and have an unexpanded, “bullet nose' area 
that extends past (e.g., to the left, as shown in FIG. 8) the 
flexible member 110. 

In addition to or in lieu of the tapered end 124, the 
attachment apparatus 100 may include an optional ramp 130 
positioned axially-adjacent to the flexible member 110 on 
the outer surface of the tubular 102. In other embodiments, 
the ramp 130 may be omitted. The ramp 130 may include a 
tapered surface that may facilitate a more gradual expansion 
of the diameter 126 of the sleeve 120 as the sleeve 120 
moves onto the outer surface of the flexible member 110. 
When used together, the tapered end 124 of the sleeve 122 
may contact and slide along the ramp 130. The sleeve 120 
may then continue to move axially until the sleeve 120 at 
least partially surrounds the flexible member 110. As shown, 
the sleeve 120 may surround all of the turns 112 of the 
flexible member 110. The inner Surface of the sleeve 120 
may be substantially smooth to facilitate movement of the 
sleeve 120 with respect to the flexible member 110. 

In at least one embodiment, the flexible member 110 may 
receive an optional coating 140, e.g., prior to receiving the 
sleeve 120. In at least one embodiment, the coating 140 may 
be an adhesive that forms a bond between the flexible 
member 110 and the sleeve 120, so as to resist displacement 
of the sleeve 120 relative to the flexible member 110. In 
addition, the adhesive may reduce a friction between the 
sleeve 120 and the flexible member 110 when sliding the 
sleeve 120 over the flexible member 110 during installation. 
Further, the adhesive may be used to form a ramp surface 
similar to the ramp 130. In some embodiments, the coating 
140 may be omitted. 

FIGS. 9 and 10 illustrate a second sequence of the sleeve 
120 being installed around the tubular 102 and the flexible 
member 110, according to an embodiment. More particu 
larly, FIG. 9 illustrates a side, cross-sectional view of the 
sleeve 120 around the tubular 102 and axially-offset from the 
flexible member 110, according to an embodiment. The 
sleeve 120 may be positioned around the tubular 102, as 
described above. As shown in FIG. 9, the inner surface 128 
of the sleeve 120 may include ridges or teeth. For example, 
the inner surface 128 of the sleeve 120 include helical 
threads. A diameter 132 of the inner surface 128 of the sleeve 
120 proximate to the first axial end 122 may be substantially 
equal to a diameter 134 of the inner surface 128 of the sleeve 
120 proximate to the second axial end 124. 

FIG. 10 illustrates a side, cross-sectional view of the 
sleeve 120 around the tubular 102 and axially-aligned with 
the flexible member 110, according to an embodiment. The 
sleeve 120 may be moved or slid toward the flexible member 
110 (e.g., to the right, as shown in FIG. 10). Upon contacting 
the flexible member 110, the sleeve 120 may be rotated with 
respect to the flexible member 110 such that the threaded 
inner surface 128 of the sleeve 120 engages the turns 112 of 
the flexible member 110. Thus, the turns 112 of the flexible 
member 110 may serve as threads on the outer surface of the 
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tubular 102. Rotation of the sleeve 120 may allow the sleeve 
120 to continue advancing in the axial direction. 

In at least one embodiment, the flexible member 110 may 
receive the coating 140, e.g., prior to receiving the sleeve 
120. As noted above, the coating 140 may be an adhesive 5 
that forms a bond between the flexible member 110 and the 
sleeve 120, so as to resist displacement of the sleeve 120 
relative to the flexible member 110. In addition, the adhesive 
may reduce a friction between the sleeve 120 and the flexible 
member 110 when sliding the sleeve 120 over the flexible 
member 110 during installation. Further, the adhesive may 
be used to form a ramp surface similar to the ramp 130. 

FIGS. 11 and 12 illustrate a third sequence of the sleeve 
120 being installed around the tubular 102 and the flexible 
member 110, according to an embodiment. More particu 
larly, FIG. 11 illustrates a side, cross-sectional view of the 
sleeve 120 around the tubular 102 and axially-offset from the 
flexible member 110, according to an embodiment. In at 
least one embodiment, the inner surface 128 of the sleeve 20 
120 may be tapered such that the radially inward gripping 
force applied by the sleeve 120 on the flexible member 110 
and the tubular 102 increases with each turn of the sleeve 
120 (e.g., as the sleeve 120 moves axially to the right with 
respect to the flexible member 110). For example, the 25 
diameter 132 of the inner Surface 128 of the sleeve 120 
proximate to the first axial end 122 may be less than the 
diameter 134 of the inner Surface 128 of the sleeve 120 
proximate to the second axial end 124. As such, a line 
tangential to the inner surface 128 of the sleeve 120 may be 30 
oriented at an angle 136 with respect to a longitudinal axis 
through the sleeve 120. The angle 136 may be from about 1° 
to about 20°, about 2 to about 15°, or about 3° to about 10°. 

FIG. 12 illustrates a side, cross-sectional view of the 
sleeve 120 around the tubular 102 and axially-aligned with 35 
the flexible member 110, according to an embodiment. The 
sleeve 120 may be moved or slid toward the flexible member 
110 (e.g., to the right, as shown in FIG. 12). Upon contacting 
the flexible member 110, the sleeve 120 may be rotated with 
respect to the flexible member 110 such that the threaded 40 
inner surface 128 of the sleeve 120 engages the turns 112 of 
the flexible member 110. As the sleeve 120 is rotated, the 
first end 122 of the sleeve 120 may expand radially-outward 
until the diameter 132 is substantially equal to the diameter 
134. This may apply an increased radially-inward gripping 45 
force on the flexible member 110 and the tubular 102. 

In at least one embodiment, the flexible member 110 may 
receive the optional coating 140, e.g., prior to receiving the 
sleeve 120. In at least one embodiment, the coating 140 may 
be an adhesive that forms a bond between the flexible 50 
member 110 and the sleeve 120, so as to resist displacement 
of the sleeve 120 relative to the flexible member 110. In 
addition, the adhesive may reduce a friction between the 
sleeve 120 and the flexible member 110 when sliding the 
sleeve 120 over the flexible member 110 during installation. 55 
Further, the adhesive may be used to form a ramp surface 
similar to the ramp 130. 

Although the cross-sectional profiles of the turns 112 of 
the flexible member 110 are shown as circular, and the 
corresponding cross-sectional profiles of the threads on the 60 
inner surface 128 of the sleeve 120 are shown as triangular, 
it will be appreciated that these shapes are merely illustra 
tive, and other shapes are also contemplated herein. For 
example, the cross-sectional profile of each turn 112 of the 
flexible member 110 may be triangular to correspond to the 65 
profile of the threads on the inner surface 128 of the sleeve 
120. 
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FIGS. 13 and 14 illustrate a fourth sequence of the sleeve 

120 being installed around the tubular 102, according to an 
embodiment. More particularly, FIG. 13 illustrates a side, 
cross-sectional view of first and second sleeve portions 
120-1, 120-2 around the tubular 102 and axially-offset from 
the flexible member 110, according to an embodiment. The 
sleeve portions 120-1, 120-2 may be positioned around the 
tubular 102 and on opposing sides of the flexible member 
110. For example, the sleeve portions 120-1, 120-2 may be 
positioned around the tubular 102 by sliding the sleeve 
portions 120-1, 120-2 over opposing ends of the tubular 102 
and toward the flexible member 110. In another embodi 
ment, the sleeve portions 120-1, 120-2 may be moved 
laterally into position around the tubular 102. 

FIG. 14 illustrates a side, cross-sectional view of the 
sleeve portions 120-1, 120-2 around the tubular 102 and 
axially-aligned, with the flexible member 110, according to 
an embodiment. The sleeve portion 120-1 may be moved or 
slid toward the flexible member 110 (e.g., to the right, as 
shown in FIG. 14). Similarly, the sleeve portion 120-2 may 
be moved or slid toward the flexible member 110 (e.g., to the 
left, as shown in FIG. 14). 

Without being bound by theory, the force needed to move 
the sleeve 120 in FIGS. 7-12 into position around the 
flexible member 110 may increase as the surface area (of the 
inner surface) of the sleeve 120 that is in contact with the 
flexible member 110 increases. As such, by splitting the 
sleeve 120 into two or more portions 120-1, 120-2, the 
surface area of each sleeve portion 120-1, 120-2 is reduced, 
which may reduce the amount of force needed to more the 
sleeve portions 120-1, 120-2 into position around the flex 
ible member 110. 
As shown, the axial ends 124 of the sleeve portions 120-1, 

120-2 may be tapered. The tapered axial ends 124 may allow 
the inner surfaces of the sleeve portions 120-1, 120-2 to ride 
onto the flexible member 110. As the sleeve portions 120-1, 
120-2 continue to move onto the outer surface of the flexible 
member 110, the sleeve portions 120-1, 120-2 may be 
expanded radially-outwards. When positioned around the 
flexible member 110, the elasticity of the sleeve portions 
120-1, 120-2 may cause the sleeve portions 120-1, 120-2 to 
apply a radially-inward force on the flexible member 110. 

In at least one embodiment, the flexible member 110 may 
receive the coating 140 prior to receiving the sleeve portions 
120-1, 120-2. In at least one embodiment, the coating 140 
may be an adhesive that forms a bond between the flexible 
member 110 and the sleeve portions 120-1, 120-2, so as to 
resist displacement of the sleeve portions 120-1, 120-2 
relative to the flexible member 110. In addition, the adhesive 
may reduce a friction between the sleeve portions 120-1, 
120-2 and the flexible member 110 when sliding the sleeve 
portions 120-1, 120-2 over the flexible member 110 during 
installation. 

FIG. 15 illustrates a flowchart of a method 1500 for 
forming an attachment apparatus on a tubular, according to 
an embodiment. The method 1500 may be best understood 
with reference to FIGS. 1-14; however, it will be appreciated 
that the method 1500 is not limited to any particular struc 
ture, unless otherwise specifically stated herein. The method 
1500 may include positioning installation rings on a tubular, 
as at 1502. Positioning the installation rings may occur by 
sliding the installation rings over an end of the tubular, or by 
opening or decoupling segments of the installation rings, so 
as to position the installation rings around the tubular. 
The method 1500 may proceed to applying a layer of 

adhesive to the tubular, for example, between the installation 
rings, as at 1504. A flexible member may then be positioned 



US 9,556,994 B2 
11 

around the outer surface of the tubular, as at 1506. For 
example, the flexible member may be wrapped more than 
once around the outer surface of the tubular to form a helical 
configuration with a plurality of axially-adjacent turns. 
The method 1500 may also include applying a tension to 

the flexible member such that the flexible member applies a 
radially-inward gripping force on the tubular, as at 1508. For 
example, the method 1500 may include applying the tension 
to the flexible member while wrapping the flexible member 
around the tubular, in another example, the tension may be 
applied to ends of a mandrel of the flexible member disposed 
within a sheath of the flexible member, such that the mandrel 
moves relative to the sheath. In another example, the flexible 
member may be radially-contracted. 

In at least one embodiment, a layer (e.g., adhesive coat 
ing) may be applied to the outer surface of the flexible 
member once the flexible member is positioned around the 
tubular, as at 1510. The installation rings may be removed 
from the tubular after the flexible member is positioned 
around the tubular, after the tension is applied to the flexible 
member, and/or after the adhesive is applied to the outer 
surface of the flexible member, as at 1512. 
A sleeve may then be positioned around the tubular, as at 

1514. The sleeve may be moved or slid axially along the 
outer surface of the tubular until the sleeve is at least 
partially around (e.g., axially-aligned with and radially 
outward from) the flexible member, as at 1516. In at least 
one embodiment, the sleeve may include a threaded inner 
surface, and the sleeve may be rotated with respect to the 
flexible member such that the threads of the sleeve engage 
the turns of the flexible member, as at 1518. In other words, 
the turns of the flexible member may serve as outer threads 
that engage the inner threads of the sleeve. 

The foregoing has outlined features of several embodi 
ments so that those skilled in the art may better understand 
the present disclosure. Those skilled in the art should 
appreciate that they may readily use the present disclosure as 
a basis for designing or modifying other processes and 
structures for carrying out the same purposes and/or achiev 
ing the same advantages of the embodiments introduced 
herein. Those skilled in the art should also realize that such 
equivalent constructions do not depart from the spirit and 
Scope of the present disclosure, and that they may make 
various changes, Substitutions, and alterations herein with 
out departing from the spirit and scope of the present 
disclosure. 
What is claimed is: 
1. An apparatus, comprising: 
a flexible member extending circumferentially around a 

tubular more than once, wherein a tension force on the 
flexible member causes the flexible member to apply a 
first radially-inward gripping force on the tubular; and 

an annular sleeve positioned radially-outward from the 
flexible member, wherein the sleeve applies a second 
radially-inward gripping force on the flexible member 
and the tubular, and wherein an inner surface of the 
sleeve comprises a plurality of threads and the inner 
Surface is tapered Such that the second radial-inward 
gripping force increases with each Subsequent rotation 
of the sleeve with respect to the flexible member, and 
wherein a first diameter of the inner surface of the 
sleeve proximate to a first axial end of the sleeve is 
greater than a second diameter of the inner Surface of 
the sleeve proximate to a second axial end of the sleeve. 

2. The apparatus of claim 1, wherein the flexible member 
forms a plurality of turns in a helical configuration, and 
wherein the threads of the sleeve are configured to engage 
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the turns of the flexible member when the sleeve is rotated 
with respect to the flexible member. 

3. The apparatus of claim 1, wherein an axial end of the 
sleeve is tapered to facilitate movement of the sleeve onto 
the flexible member. 

4. The apparatus of claim 1, further comprising a ramp 
positioned proximate to an axial end of the flexible member 
to facilitate movement of the sleeve onto the flexible mem 
ber. 

5. The apparatus of claim 1, wherein the inner surface of 
the sleeve forms an interference fit with an outer surface of 
the flexible member, such that an elasticity of the sleeve 
causes the sleeve to apply a radially-inward force on the 
flexible member. 

6. The apparatus of claim 1, further comprising an adhe 
sive layer positioned radially-between the tubular and the 
flexible member. 

7. An attachment apparatus for attaching to a tubular, 
comprising: 

a flexible member positioned circumferentially around the 
tubular such that the flexible member defines a plurality 
of turns in a helical configuration around the tubular, 
wherein a tension force on the flexible member causes 
the flexible member to apply a first radially-inward 
gripping force on the tubular, and 

an annular sleeve positioned radially-outward from the 
flexible member and the sleeve covers substantially the 
entire length of the flexible member, wherein the sleeve 
applies a second radially-inward gripping force on the 
flexible member and the tubular, wherein an inner 
surface of the sleeve comprises a plurality of threads 
and the inner surface is tapered such that the second 
radial-inward gripping force increases with each Sub 
sequent rotation of the sleeve with respect to the 
flexible member, and wherein a first diameter of the 
inner surface of the sleeve proximate to a first axial end 
of the sleeve is greater than a second diameter of the 
inner Surface of the sleeve proximate to a second axial 
end of the sleeve. 

8. The apparatus of claim 7, further comprising a coating 
applied to an outer surface of the flexible member prior to 
the placement of the annular sleeve, wherein the coating is 
configured to reduce the friction between the annular sleeve 
and the flexible member when sliding the annular sleeve 
over the flexible member. 

9. The apparatus of claim 7, further comprising a coating 
applied to an outer surface of the flexible member prior to 
the placement of the annular sleeve, wherein the coating is 
configured to provide a ramp Surface to facilitate the place 
ment of the annular sleeve over the flexible member. 

10. A method for forming an attachment apparatus on a 
tubular, comprising: 

positioning a flexible member around an outer Surface of 
the tubular, wherein the flexible member comprises a 
plurality of turns in a helical configuration; 

causing a tension force to be applied to the flexible 
member, wherein the tension force causes the flexible 
member to apply a first radially-inward gripping force 
on the tubular; 

placing a coating on an outer Surface of the flexible 
member, 

positioning an annular sleeve around the outer Surface of 
the tubular; and 

moving the sleeve axially with respect to the tubular until 
the sleeve is at least partially around the flexible 
member, wherein the sleeve applies a second radially 
inward gripping force on the flexible member and the 



US 9,556,994 B2 
13 

tubular, wherein an inner surface of the sleeve com 
prises a plurality of threads and the inner Surface is 
tapered such that the second radial-inward gripping 
force increases with each Subsequent rotation of the 
sleeve with respect to the flexible member, and wherein 5 
a first diameter of the inner surface of the sleeve 
proximate to a first axial end of the sleeve is greater 
than a second diameter of the inner surface of the sleeve 
proximate to a second axial end of the sleeve. 

11. The method of claim 10, further comprising applying 10 
an adhesive layer to the outer surface of the tubular prior to 
positioning the flexible member around the outer surface of 
the tubular. 

12. The method of claim 10, wherein positioning the 
flexible member around the outer surface of the tubular 15 
comprises wrapping the flexible member around the outer 
surface of the tubular. 

13. The method of claim 10, further comprising rotating 
the sleeve with respect to the flexible member. 

14. The method of claim 10, wherein an inner surface of 20 
the sleeve forms an interference fit with an outer surface of 
the flexible member. 

15. The method of claim 10, wherein the coating is 
configured to reduce the friction between the annular sleeve 
and the flexible member when moving the annular sleeve 25 
with respect to the tubular. 

16. The method of claim 10, wherein the coating is 
configured to provide a ramp Surface to facilitate the place 
ment of the annular sleeve over the flexible member. 
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